The purpose was to create a stabilometric platform to analyze the rider's balance. After anatomical and saddle's mark study, four bones support points representing the rider's base were determined, that will allow the construction of our rider posture diagnostic aid platform. The sensors profile was realized and the stirrups dynamometers were calibrated through an extensometry study. To validate by comparison with a stabilometric platform (OIML 6000 sensors), one series of 28 observations under the same conditions were carried out (the two platforms adjusted one on the other), statistical analyses on the X and Y axis were performed with normality distribution test (S-W), t test and non-parametric Wilcoxon-Mann-Whitney test (p-value > 0.05). To analyze our two methods of measuring the centre of pressure position, a Bland-Altman analysis has been plotted and the intra class correlation value computed. The Bland-Altman graph showed a small bias value (-0.4 ± 0.8mm) with acceptable limits of agreement for rider balance analyses. The results of the present study suggested that the new platform was accurate and reliable and could be used for further prospective studies in order to optimize the rider's posture and preserve the horse's health.
Introduction


The goal of this study is to create and scientifically validate a new equestrian device allowing the determination of a sitting equestrian postural norm in order to optimize the rider's balance and to preserve the horse's health. Subjective assessment of positional faults appears to be difficult. A panel of 5 experienced judges and trainers evaluated 60 horse and rider combinations according to the presence of 16 postural deviations. There was no statistical agreement between the assessments [1] . Ref. [2] has summarized the characteristics of equine gaits that affect the rider's position, movements and forces. A preliminary investigation of subjective assessment of rider technique and the detection of performance deficits suggests that it is difficult for trained equestrians to perform consistent evaluations. The use of objective research methods is necessary. Ref. [3] has shown that the motion pattern of a well-ridden horse varies less than the motion pattern of an unridden horse. There are devices used in saddle fitting studies that can accurately determine the saddle position on the horse's back in order to obtain the perfect match between the saddle and the horse [4] .
These mats are placed under the saddle, and we can computerize and deduce the rider's Centre of Pressure (CoP). With the growing experience of the participant, an increase in pressure occurred on contact of the horses back as well as in the stability of the CoP, evaluated by an elastic pad, Novel Pliance System, 30 Hz, 224 sensors [5] . Thus, the asymmetrical loading of the horse's back and different rider's positions on a standing horse were evaluated [6] . A study of postural and functional asymmetries of riders failed to find a discrepancy in leg lengths, with stratification by years of experience and competitive level [7, 8] . Ref. [9] quantified the force on the horse's back in sitting and rising trot by using kinematic data of the rider. The assessment of human pelvis kinematics in dressage riding has been done by an inertial sensor-based method. They showed that even between two riders of comparable riding level, significant differences in ROM (range of movement) of the pelvis can be found while riding the same horse [10] . Asymmetries in the rider's position or movements change the loading pattern on the horse's back and can alter the horse's locomotion [11, 12] . The proper rider's postural balance is both decisive for the good running of the horse, for the rider's and horse's performance [3, [13] [14] [15] , as well as the defective rider posture, strength used or technical level [16, 17] . There are other attempts to objectify the rider's pressure on the saddle [18] [19] [20] . However, the results of these previous studies must be analyzed with caution because the devices are not statically validated (only one run and one horse) and no technical note about. There are equestrian simulators analyzing the rider's balance, but no technical note published [21, 22] . All these studies are based on the interpretation of the rider's support through the saddle transmission forces with elastic pad under the saddle; rider's kinematic by imaging and inertial units. Stirrup forces were measured in sitting and rising trot by Femke E. van Beek, de Cocq P., Timmerman M., Muller M., and concluded that a combination of stirrup and saddle force data can provide additional information on the total loading of the horse by a rider [23] . Ref. [24] concluded that a better understanding is required, he needs to know how to measure changes and different works patterns in moving horses, which are also affected both by the saddle and by the rider's ability to adjust their movements to accommodate the mechanical interaction with the horse. To allow the measurement of forces applied both on the saddle and on the stirrups, it is necessary to create and validate a new device.
Materials and Methods
Saddle Platform
A template was designed after saddle marks and The software has been created for the ADPC platform, sensor calibration, specifics rider's parameters, ludic and work screen (Fig.1) . We calibrated several load sensors from a range of 0 to 190 N. All these tests were made with an electrical resistance value of 3 kΩ because it was tested by the manufacturer (and the values were giving the most linear response according to the intensity of our loads). Sensors were positioned under a leather cover to protect them.
Stirrup Sensor
For the stirrup forces collected data, dynamometer Load Cell CZL301C [26] placed between the strap and the stirrup ( Fig. 1 ) was chosen. Their response pattern was studied with a Gunt WP 120 (Hamburg) testing device at IUT with double check of the exerted force, a Wheatstone bridge torque sensor, range 0 to 1,000 N with safety up to 150% of the maximum tolerance value as shown in Fig. 4 . A SEN-13879 amplifier to amplify the electrical signal was used with an Arduino Acquisition Card, the Arduino © soft was modified STO © .
Methods
In the purpose of validating the new ADPC, this platform was superimposed on a stabilometric platform (Dune PL0002 with OIML 6000 sensors allowing an accuracy ± 0.1 mm), centroid on centroid, mid lateral axis ADPC on mid lateral referent axis and anteroposterior axis ADPC on anteroposterior referent axis. This device provides the same biomechanical data (centre of pressure displacement measurements on the X and Y axis) as the new ADPC platform.
For the validation protocol, the force (510 N) (53 years, 1.63 m, mass 51 kg, BMI 19.2 kg/m 2 ) shown in Fig. 1 was applied by one subject standing on the platforms (feet centred on the platform, tight feet, propped up by a posterior marker). One series of 28 observations under the same conditions were carried out. Electric zero was sought to stall ADPC on Dune. The subject climbed onto the platforms and looked at a target in front of his eyes at a distance of one meter. The both records were manually launched at the same time for duration of 25.6 seconds, half recording time calibrated by the reference platform. Data collection was carried out by both Equilibre © and STO © software.
The centre of pressure position was studied on two dimensions: X axis mid-lateral and Y axis anteroposterior. A descriptive analysis of our variables was performed, using mean and standard deviation (SD), coefficient of variation (CV), a normality distribution test by Shapiro-Wilk, a two-sided t test for paired samples, and non-parametric Wilcoxon-Mann-Whitney test using ranks for independent sample. To analyze our two methods of measuring the same phenomenon (centre of pressure position) a correlation between the two devices was determined. The Bland-Altman analyses have been plotted and the intra class correlation value has been computed.
Results
Saddle Sensors
The smoothing law for the FSR sensor's behaviour . The manufacturer's response time data is 2 ms -1 .
Stirrups Dynamometers
The stirrups dynamometers study showed a monotone behaviour of 0 to 1,250 N (y = 0.0959x + 0.1371 and r = 1).
Fig. 1 Experiment of new horse saddle instrumented (ADPC), sensor, and dynamometer.
Left side, the subject centred on both platforms; in the centre the ADPC platform on the saddle; on the right, the stirrup sensors (dynamometer).
Descriptive Analysis
The values (X mean , Y mean ) obtained by the two methods and described in Table 1 were not significantly different between the two devices for the two axes, but on the X axis, the CV ADPC device is bigger than the referent, which does not discredit the X mean solidity (Table 1) .
Bland and Altman Analyses
The Shapiro-Wilk test showed a normality distribution. The bilateral t test showed that the two means are similar (p-value > 0.05). To confirm, the unilateral Wilcoxon-Mann-Whitney test showed that the two series of data were on the same distribution (p-value > 0.05).
The Bland and Altman analyses shown in Fig. 2 reveal that the mid lateral axis (X), mean bias was -0.4 ± 2 mm with 95% limits of agreement of the bias from Bias is the average of the differences between the two platforms; the confidence interval is used to quantify the confidence we can have in our bias estimate. The interpretation of the limits of agreement is done in relation to the research context.
Fig. 2 Bland Altman graphics for mediolateral (X) axis and anteroposterior (Y) axis.
In blue line the bias, in dashed blue the confidence interval of the 95% bias and in red dashed the 95% confidence interval of the differences. In the left side, X axis (mid-lateral) analyse and in the right part for the Y axis (anteroposterior).
Discussions
The results of a study conducted with 125 subjects showed that the width of the ischial tuberosities supports of 5 subjects was out of the platform (too narrow and too wide), and that the length corresponded to the entire population studied (age 34 ± 15 years, size 168.5 ± 8.7cm, weight 66.7 ± 12.8 kg, BMI 23.4 ± 3.8 kg/m 2 , riders an no riders). The ADPC platform proportions (length and width) correspond to 96% of our population. The result allowed the choice of FSR sensors with identical response patterns to pair them. The new device is suitable for the majority of riders. The sensors protected proved effective and comfortable for the users. Pliance Novel © has created a unique material for the objective analysis of the distribution of pressure exerted by the rider through the saddle on the horse's back [18] . To our knowledge, the presence of a pressure sensor mat placed on the saddle appears for the only time in this study, unfortunately no technical information has been published on the subject. For the stirrups dynamometers showed in Fig. 1 , we observe an inflection of the curves beyond 1,250 N of stress. We know that their range of use is from 0 to 1,000 N, we have a security of 25%, giving us a range of use from 0 to 1,250 N. We are certain to have sensors that will cash the mass of riders when standing on the stirrups, such as CSO riders, or during a trot phase removed. The pic of raw stirrup force measured at rising trot does not exceed 900 N with 23 riders (mean age 18.0 ± 1.7 years; height 1.70 ± 0.01 m; mass 61 ± 1 kg) [23] .
The results suggest that there was no difference of the centre of pressure in X and Y axis for stabilometric platform taken in reference and ADPC devices ( Table 1 ). The Bland-Altman graph showed a very small bias between the two devices (Fig. 2) . The zero baselines were systematically included in the 
Limits
Saddle sensors are passive with a lifetime > several millions of requests. In view of the extreme conditions of use, we do not know their duration in time.
It is likely that the shift from the manual start of the data record changes the exact data correlation and influences our results. The relative error computed is 1.95% for half a second of discordance. In this search context, even with 1.95% of relative error, the results remain concordant. We are critical of the risk of over/under-estimating the vertical component or the reality of the total pressure exerted on the saddle, for several reasons: (i) the force component is not systematically normal to the surface of the sensor as shown in Fig. 5, ( ii) the shear forces are not known and (iii) the dispersion of forces related to the thighs support on the sides of the saddle is not recorded, illustrated in Fig. 6 .
Mean normalized total force measured on a saddle-mounted horse was lower than expected, observed in an analysis with Pliance Novel mat (60 Hz) positioned under the saddle, for the comparison of riding with and without saddle [27] . This is confirmed by de Cocq et al. [9] and Femke et al. who ask the question if the whole vertical force is displaced to the stirrups during the standing phase or if the rider also uses the friction on other surfaces of contact with the horse. The proportion of forces exerted by the thighs support of the riders on the saddle side (quarters), Fig.  6 , and the proportion of the forces exerted on the stirrups, allow (i) a relative safety as for the forced use of our sensors, and (ii) certainly induces a calculation error on the distribution of the riders mass. In addition, the shape of the horse, and ispo-facto the shape of the saddle, affect the application incidence angle of the force applied on the sensor, shown in Fig. 5 . If we knew the incidence angle θ, we could deduce (i) the normal force exerted by bone support (mg· cosθ) on the surface of the sensor and (ii) the sliding force (mg· sinθ). We are able to determine the CoP displacement, but we cannot exploit these data to analyze the total force exerted on the saddle.
Contributions
The CoP of our study is characterized by variables X mean , Y mean (and their respective standard deviation). At the moment, the equestrian literature is limited to the use of the variables (range of X and Y) that characterize the CoP. The position of CoP is calculated on the basis of the amplitude and distribution of forces applied to a pressure sensor mat (under a saddle) and allows the calculation of the amplitude and speed of CoP displacement. These parameters provide a basis for understanding the implications of the variations that can be created during riding on the rider's postural control [5, [28] [29] [30] [31] .
Each element in interface between the rider and the horse (the saddle, the stirrups, the mat) must be analyzed separately in order to know their isolated effect on the variable CoP [6] . This is what our new device does by differentiating the rider's support between the saddle and stirrups. We highlight the need for a common CoP analysis methodology in order to pool or compare our results.
Our originality is to have created an independent device, independent from the saddle and independent of the stirrup. It is an easy-to-replace element in case of failure, for a low-cost. This will allow a wide dissemination to get a lot of measurements. The new ADPC device (saddle and stirrups pressure) will be able to help the coaches and the researchers to study the rider's possible balance disorders to preserve the horse's health.
Conclusion
The purpose of this study was to create and validate a new device to allow analysis of the proper rider's balance. To the best our knowledge, the ADPC © device (Fig. 1) is the only one saddle device scientifically tested and validated to explore the rider's balance.
Our perspective is (i) to help advance theoretical and practical understanding of the control and organization of rider movement, (ii) and study physical disorders such as scoliosis, osteoarthritis of coxo-femoral joint, sprained knee, orthodontics braces, and whiplash injury syndrome to determine influences on the rider's balance. We created specific posture exercise placements with a referent horse simulator equipped with the device. To date we are the only ones to offer this type of equipment in such configurations of use (discriminating, fun and low-cost).
